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(54) Level gauge 

(57) A level gauge (10) comprising: a microwave 
transmitter (11); a microwave receiver (12); and a guide 
member (15) having an introducing hole (23) for intro- 
ducing a body to be detected or having a guide body 
(219) composed of dielectric material, one end of the 
guide member being connected with a microwave trans- 
mitter (11), the other end being connected with a micro- 
wave receiver (12), microwaves (M) sent out from the 
microwave transmitter (11) being guided by the guide 
member (15) to the microwave receiver (12), wherein 
the guide member (1 5) is attached to a container (1 ) be- 
ing protruded inside the container (1). The body to be 
detected gets into the guide member (15) from the in- 
troducing hole (23) of the guide member (15) and inter- 
cepts the transmission of microwaves (M). The micro- 
wave receiver (12) detects this interruption of micro- 
waves. Therefore, it is determined that the body to be 
detected has reached a predetermined level. Besides, 
when the body to be detected comes into contact with 
the guide body (219), an amount of transmission of mi- 
crowaves (M) transmitted in the guide body (219) is 
changed. When an amount of change in the transmis- 
sion of microwaves (M) is detected, a storage level of 
the body to be detected is determined. 
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Description 

The present invention relates to a level gauge used 
for detecting a storage volume of liquid or granules 
stored in a storage container. 5 

In general, in a storage container for storing various 
types of liquid or granules, there is provided a level 
gauge for detecting a storage volume of the liquid or 
granules. For example, in the case of liquid, a container 
for storing liquid is provided with a level gauge for de- 10 
tecting a storage volume of the liquid. 

Concerning the level gauge used for the purpose of 
detecting the storage volume of liquid, the most typical 
one is a float type level gauge which detects a level of 
liquid by the position of a float or buoyancy given to the is 
float. However, in this float type level gauge, the float 
comes into contact with liquid. Therefore, measurement 
values tend to be affected by the fluctuation of specific 
gravity, viscosity of liquid and the swaying motion of a 
container. When a dangerous substance such as petro- 20 
leum and LPG is stored in the container, since the float 
is a movable member, static electricity is generated in 
accordance with the perpendicular motion of the float. 
Accordingly, there is a possibility that the stored liquid 
in the container will be ignited, and fire or explosion 2s 
caused. 

Also, a capacitance type level gauge is commonly 
used. A liquid level is detected by this capacitance type 
level gauge under the following principle. A measure- 
ment electrode and an earth electrode are arranged in 30 
a container being opposed to each other while a minute 
clearance is formed between the two. When a sub- 
stance to be detected is introduced between the two 
electrodes, the capacitance between the two electrodes 
is changed. When a predetermined amount of the 35 
change is detected, it is possible to detect the liquid lev- 
el. 

As a non-contact type level gauge, the level gauge 
shown in Fig. 14 is used, in which a wave transmitter 3 
for generating a measurement medium such as nuclear 40 
radiation, ultrasonic waves, laser beams or microwaves 
and a wave receiver 4 for receiving the medium are at- 
tached onto the outside of detection windows 2 provided 
on the side wall of the container 1 while the detection 
windows are opposed to each other. 45 

The liquid level is detected by using the property of 
the measuring medium in which the measurement me- 
dium is absorbed by liquid. When the liquid level reach- 
es a position of the detection windows 2, the measure- 
ment medium transmitted by the transmitter 3 is ab- so 
sorbed by the liquid, so that the transmission from the 
transmitter 4 is intercepted. Therefore, when the receiv- 
er 4 is composed in such a manner that an interruption 
signal is outputted in accordance with the interruption of 
detection of the microwaves, it is possible to detect the ss 
liquid level. 

When microwaves are used as the measurement 
medium, it is possible to detect the liquid level even if 
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the detection windows are stained, because the micro- 
waves are transmitted through a substance except for 
liquid, such as plastics, ceramics and paper. 

For example, when liquid is stored in a container 1 
wherein a number of storage volumes, for example, two 
storage volumes are set, as illustrated in Fig. 15, two 
sets of detection windows 2, 2a are provided being op- 
posed to each other, one set of the detection windows 
is located at an upper position and the other set of de- 
tection windows is located at a lower position, corre- 
sponding to the two storage volumes, and two transmit- 
ters 3, 3a and two receivers 4, 4a are provided in ac- 
cordance with the detection windows. 

However, the capacitance type level gauge de- 
scribed above depends on the principle in which a 
change in the capacitance between the electrodes is de- 
tected to measure the liquid level. Accordingly, when a 
dielectric constant of the substance to be detected is 
low, the change in the capacitance corresponding to the 
existence of the substance to be detected is not appre- 
ciable, so that the detection can not be effected in some 
cases. Further, when dirt is deposited on the electrode 
surface, the measured values are greatly affected, 
which can not be neglected. 

Further, in the capacitance type level gauge, the 
amplifier and electrodes are connected through wires. 
Accordingly, when a high voltage is applied to the elec- 
trodes due to breakdown of the amplifier or occurrence 
of a surge voltage, a spark discharge is caused. Espe- 
cially when the substance to be detected is a combus- 
tible, there is a danger of fire and explosion, and it is 
difficult to effect the detection in safety. 

Further, it is necessary to connect the wires to the 
electrodes, and it takes time and labor to attach the 
wires to the electrodes, and the maintenance is trouble- 
some. Furthermore, it is necessary to adjust the meas- 
urement sensitivity for each substance to be detected. 
Also, the capacitance delicately changes in accordance 
with the length of the wire and the installation condition. 
Therefore, it is indispensable to finely adjust the ampli- 
fier in each installation site. 

On the other hand, in the level gauge in which the 
wave transmitter 3 and wave receiver 4 are opposed to 
each other, the length from the wave transmitter 3 to the 
wave receiver 4 is extended in the case of a large con- 
tainer. As a result, it is necessary to increase an output 
of the wave transmitter 3. Also, it is necessary to in- 
crease areas of the wave transmitting and wave receiv- 
ing sections including the detection window 2, which re- 
sults in a decrease in the detection accuracy. When a 
number of storage volumes are set, it is necessary to 
provide a number of pairs of detection windows 2 (2a), 
microwave transmitters 3 (a) and microwave receivers 
4 (4a). Accordingly, the number of parts is increased, 
and consumption of electric power is also increased. 
Consequently, not only the equipment cost but also the 
operation cost is raised. 

Further, the higher the dielectric constant of a sub- 
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stance to be detected is, the more microwaves are ab- 
sorbed by the substance. Therefore, it is impossible to 
positively and precisely detect various types of oil, the 
dielectric constants of which are low. Also, when a sub- 
stance to be detected is granules, the dielectric constant 
is much lower than that of a solid body. Accordingly, it 
is impossible to positively and precisely detect granules 
for the same reason. 

Other than these problems of detection, there is a 
problem of mechanical strength since the detection win- 
dows 2 are usually made of resin, so that the mechanical 
strength is not sufficiently high when LPG (liquefied pe- 
troleum gas) or LNG (liquefied natural gas) is stored in 
a container at high pressure. In the same manner, when 
the stored liquid is inflammable or explosive like petro- 
leum, LPG, LNG, alcohol and oil, each of container 1, 
microwave transmitter 3 and microwave receiver 4 must 
be formed into an explosion-proof construction, and it is 
also necessary that they do not affect each other. How- 
ever, in the above construction, the container 1 and the 
microwave transmitter 3 are connected through the de- 
tection window 2, and also the container 1 and the mi- 
crowave receiver 4 are connected through the detection 
window 2. Accordingly, it is impossible to provide a suf- 
ficiently high explosion-proof construction. 

Further, it is necessary to arrange one set or a 
number of sets of microwave transmitters 3 and micro- 
wave receivers 4 on the side wall being opposed to each 
other. Therefore, it is necessary to attach or detach 
these units in the process of maintenance, which takes 
time and labor. 

Further, concerning the attaching position, these 
units are necessarily attached onto the side wall of the 
container 1 , so that the degree of freedom is low when 
the apparatus is designed. 

As described above, various problems may be en- 
countered in the float type level gauge, the capacitance 
type level gauge, and the level gauge in which the wave- 
transmitter 3 and wave receiver 4 are arranged being 
opposed to each other. 

An object of the present invention is to solve the 
above problems. That is, it is an object of the present 
invention to provide a level gauge characterized in that: 
irrespective of the value of a dielectric constant, even 
when the substance to be detected is granules, a stor- 
age level of the substance is positively and accurately 
detected; it is not necessary to use a wavetransmitter of 
high output so that the areas of the transmitting and re- 
ceiving sections are small; and further the detecting op- 
eration can be carried out safely and the working effi- 
ciency is high. 

The object achieved with a level gauge having the 
features of claim 1 . Preferred embodiments are the sub- 
ject matter of the appended subclaims. 

The level gauge of the present invention is charac- 
terized in that microwaves emitted from a microwave 
transmitter are positively guided to a microwave receiv- 
er through a guide member. The guide member may be 



composed in the folio win gvarious ways. 

Secondly, when the guide member is composed of 
a dielectric substance, an amount of transmission of mi- 
crowaves in the guide member changes due to a differ- 

5 ence between the dielectric constant of air and that of a 
body to be detected. This phenomenon is utilized. The 
diameter of the guide member is determined to be small- 
er than the diameter in which microwaves can be trans- 
mitted in the air. Under the above circumstances, it is 

10 utilized that the transmitting conditions of microwaves 
are different when the body to be detected exists or does 
not exist in the wave guide. Due to the foregoing, irre- 
spective of the dielectric constant of the body to be de- 
tected, it is possible to detect a storage level of liquid. 

15 The present invention can be applied to not only the de- 
tection of a storage level of liquid but also the detection 
of a storage level of granules. Unlike the capacitance 
type level gauge in which fine adjustment of sensitivity 
is required, the level gauge of the invention can posi- 

20 tively detect a storage level without effecting fine adjust- 
ment. 

In this case, when the sectional area of a portion of 
the guide body is composed to be smaller than the sec- 
tional areas of other portions, or alternatively when the 
2S guide body is composed to have a portion formed into 
an acute angle, an S/N ratio can be improved in the case 
where the level of a body to be detected, the dielectric 
constant of which is low and close to that of air, is de- 
tected. 

30 Both end portions of the guide body may be formed 
to incline downward, and the wave guide on the trans- 
mitter side and that on the receiver side are continued 
to the ends of the guide body, and through-holes, the 
diameters of which are not more than the microwave 

35 leakage diameter, are formed. Due to the foregoing, 
drops of water generated by dew condensation are dis- 
charged outside the guide member, so that the micro- 
waves are prevented from being absorbed by drops of 
water. Further, since the inclined surface is formed on 

40 the guide body, when microwaves are incident upon the 
guide body, diffusion of the microwaves can be reduced, 
so that the attenuation of microwaves can be sup- 
pressed. 

When a diameter of the curved portion of the wave 
45 guide composing the guide member is determined to be 
smaller than the diameter in which microwaves can be 
transmitted in the air, microwaves can be transmitted in 
the wave guide in the case where a substance, the die- 
lectric constant of which is larger than that of air, is filled 
50 in the wave guide, and the microwaves are guided into 
the microwave receiver. Consequently, a storage level 
is detected by the reception of the microwave receiver. 

Due to the foregoing structure, it becomes possible 
to conduct the detection of storage levels of various sub- 
55 stances. It is possible to detect a storage level of a sub- 
stance, the dielectric constant of which is small so that 
the storage level detection is conventionally difficult. 
When a diameter of the guide member in which micro- 
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waves can be transmitted is appropriately determined, 
it is possible to select a substance capable of being de- 
tected. 

In addition to that the microwave transmitter, micro- 
wave receiver and various circuit elements may be ac- 
commodated in an enclosure, which together with the 
guide member is attached to the container through an 
attaching member Due to the foregoing, even when 
parts in the enclosure are burned in a fire, flames cannot 
enter the container. Since ventilating holes open to the 
atmosphere are formed in the enclosure and the attach- 
ing member, volatile components of the stored sub- 
stance are prevented from getting into the enclosure. 
Prevention of the volatile components from getting into 
the enclosure is important in the case where the storage 
substance is inflammable and explosive . Due to the 
foregoing structure, it is possible to complete an excel- 
lent explosion-proof construction. 

Fig. 1 is a cross sectional view showing a primary 
portion of a level gauge 

Fig. 2 is a perspective view showing a primary por- 
tion of a variant of the guide member of the level gauge 
shown in Fig. 1 . 

Fig. 3 is a partially sectional perspective view show- 
ing another level gauge 

Fig. 4 is a cross sectional view taken on line A A in 
Fig. 3. 

Fig. 5 is a cross sectional view taken on line B B in 
Fig. 3. 

Fig. 6 is a schematic illustration for explaining the 
principle of liquid level detection of the level gauge 
shown in Fig. 3. 

Fig. 7 is a half cross sectional view showing a guide 
member on the wave transmitter side of the level gauge 
shown in Fig. 3. 

Fig. 8 is a half cross sectional view showing a guide 
member on the wave receiver side of the level gauge 
shown in Fig. 3. 

Fig. 9 is a partially cutout side view showing an em- 
bodiment of the level gauge of the present invention. 

Fig. 10 is a sectional view of the primary portion 
showing another structure of the guide member of the 
level gauge shown in Fig. 9. 

Fig. 11 is a sectional view of the primary portion 
showing still another structure of the guide member of 
the level gauge shown in Fig. 9. 

Fig. 12 is a sectional view of the primary portion 
showing still another structure of the guide member of 
the level gauge shown in Fig. 9. 

Fig. 1 3 is a sectional view of the primary portion 
showing still another structure of the guide member of 
the level gauge shown in Fig. 9. 

Fig. 14 is a partially sectional perspective view 
showing a conventional non-contact type level gauge in 
which microwaves are used. 

Fig. 15 is a partially sectional perspective view 
showing another conventional non-contact type level 
gauge in which microwaves are used. 



With reference to the accompanying drawings, the 
level gauge of the present invention will be explained in 
detail. 

In order to simplify the explanations, liquid is taken 
5 as an example of the body to be detected. 

At first an example of a level gauge, which is useful in 
understanding the present invention, is described. 

As shown in Fig. 1, the level meter 10 includes: an 
enclosure 14 accommodating a microwave transmitter 

to 11, microwave receiver 12 and various circuit compo- 
nents 13; a guide member 15 for guiding microwaves; 
and an attaching member 16 through which the enclo- 
sure 14 and the guide member 15 are connected with 
each other and attached to a storage container 1 . 

75 The microwave transmitter 11 is a unit for generat- 
ing microwaves. For example, a microwave oscillator of 
the prior design such as GUNN diode, IMPATT diode, 
TUNNETT diode, TRAPATT diode, VARIT diode and 
LSA diode may be used for the microwave transmitter 

20 11. Concerning the output of the microwave transmitter 
11 , microwaves are transmitted only in the guide mem- 
ber 15, it is not necessary to use a microwave transmit- 
ter of high output. 

On the other hand, the microwave receiver 1 2 is a 

2S unit for receiving microwaves transmitted by the micro- 
wave transmitter 11. A microwave receiver of the prior 
design represented by the mixer diode (varistor) is used 
for the microwave receiver 12. Concerning the charac- 
teristic of the microwave receiver 12, it is not necessary 

30 for the microwave receiver 1 2 to have a particularly low 
noise index. 

The circuit elements 13 include electronic parts 
such as transistors and resistors, switches, various ad- 
justing knobs, terminals and indicating lamps. These cir- 

35 cuit elements 1 3 drive and control the microwave trans- 
mitter 11 and the microwave receiver 12. These circuit 
elements 13 are assembled onto a circuit base board 
17 and accommodated in the enclosure 14. Through a 
cable 18, these circuit elements 13 are connected with 

40 a power source and units arranged outside the enclo- 
sure 1 4 which are not shown in the drawing. The enclo- 
sure 14 is a hollow container made of metal. A flange 
20 is provided on a joint surface 19 of the enclosure 14 
on which the enclosure 14 and the attaching member 

45 1 6 are joined. A surface of the enclosure 1 4 opposed to 
the joint surface 1 9 is closed by a cover member 21 . On 
the joint surface 19, there are provided openings 22a 
and 22b. The microwave transmitter 11 and the micro- 
wave receiver 12 are respectively provided in the open- 

50 ings 22a and 22b. Above the microwave transmitter 11 
and the microwave receiver 12, there are provided a cir- 
cuit base board 1 7 on which various circuit elements 1 3 
are assembled. 

In this connection, the microwave transmitter 1 1 , mi- 

55 crowave receiver 12 and various circuit elements 13 can 
be variably arranged in accordance with the number of 
parts and the shape of the enclosure 14. For example, 
the units described above may be assembled on the 
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same base board. 

The guide member 15 is provided to guide micro- 
waves transmitted by the microwave transmitter 11 to 
the microwave receiver 12. The guide member 15 is 
formed in such a manner that a hollow tube-shaped 
body made of corrosion resistant metal is bent to a U- 
shape. Microwaves transmitted from the microwave 
transmitter 1 1 go through one straight portion 1 5a of the 
guide member 15. While the microwaves reflect on the 
inner wall surface of a curved portion 1 5b, they advance 
to the other straight portion 1 5c and go through it. Final- 
ly, the microwaves reaches the microwave receiver 1 2. 

A number of liquid introducing holes 23 are formed 
in the curved portion 15b of the guide member 15. Ac- 
cordingly, when a liquid level reaches the curved portion 
1 5c, liquid enters inside the curved portion 1 5b. The di- 
ameter and number of these liquid introducing holes 23 
are no particularly limited, however, when the diameter 
is too small, it is impossible for the liquid to get into the 
curved portion 1 5b of the guide member 1 5. On the other 
hand, when the diameter is too large, the microwaves 
get out from the curved portion 15b through the liquid 
introducing holes 23, and there is a possibility that the 
microwaves are not guided to the microwave receiver 
1 2. Therefore, the diameter of the liquid introducing hole 
23 is appropriately determined in accordance with the 
type of liquid and the length of the curved portion 1 5b. 

The enclosure 14 and the guide member 15 are 
connected with each other by the attaching member 16 
and attached to the container 1 . 

The attaching member 16 is composed of a flat 
plate made of metal. On the attaching member 16, there 
are provided openings 24a, 24b corresponding to the 
openings 22a, 22b formed on the enclosure 14. When 
the enclosure 14 is joined to the attaching member 16, 
through-holes 25a, 25b are composed, penetrating 
through both enclosure 14 and the attaching member 
16. The enclosure 14 is fixed to the attaching member 
16 in such a manner that a flange 20 of the enclosure 
1 4 is screwed to the attaching member 1 6 with bolts 26. 

I n the attaching member 1 6, there are provided con- 
necting portions 27a, 27b, which protrude onto the con- 
tainer 1 side, at the positions where the openings 24a, 
24b are formed, wherein the connecting portions 27a, 
27b are formed by means of welding or integral forming. 
The straight portions 15a, 15c of the guide member 15 
are connected with end portions of the connecting por- 
tions 27a, 27b. Outer circumferential surfaces of the 
connecting portions 27a, 27b are threaded. Inner cir- 
cumferential surfaces of the joints 28a, 28b are also 
threaded. Therefore, the connecting portions 27a, 27b 
are engaged with the straight portions 15a, 15b of the 
guide member 15 through the joints 28a, 28b. In this 
way, the guide member 15 is attached to the attaching 
member 16. 

The openings 24a, 24b of the attaching member 1 6, 
and the openings 22a, 22b of the enclosure 1 4 are tightly 
closed by seal members 29 made of microwave trans- 
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mitting substance. The seal member 29 may be formed 
in such a manner that the microwave transmitting sub- 
stance is machined to a plug-shaped member, which 
may be engaged with the opening, or alternatively the 
5 microwave transmitting substance in a molten condition 
is poured into the opening and solidified. 

In the case where the stored liquid is a highly volatile 
liquid such as LPG, LNG or alcohol, it is possible for the 
seal members 29 to prevent gas of the highly volatile 

10 liquid from getting into the liquid introducing holes 23 of 
the guide member 15 and the connecting portion be- 
tween the guide member 15 and the attaching member 
16. Therefore, it is possible to prevent the gas from dif- 
fusing inside the enclosure 14 through the through- 

1 $ holes 25a, 25b. In case of a fire caused by an electrical 
short circuit inside the enclosure 1 4, it is possible to pre- 
vent catching fire and explosion by the foregoing con- 
struction. At the same time, it is possible to prevent a 
fire caused inside the enclosure 14 from spreading into 

20 the container 1 . 

On the joined surface 1 9 of the enclosure 1 4, there 
are provided openings 30 which connect the openings 
22a, 22b with the atmosphere. For example, these 
openings 30 may be formed in such a manner that 

2S grooves of an appropriate depth are formed on the 
joined surface 19 of the enclosure 14 in a region from 
the openings 22a, 22b to an outer periphery of the flange 
20. Due to the foregoing, in case of damage of the seal 
member 29, it is possible to prevent the volatile compo- 

30 nents of storage liquid from diffusing inside the enclo- 
sure 14, and it is also possible to prevent a fire caused 
inside the enclosure 1 4 from spreading into the contain- 
er 1. 

In this connection, the openings 30 are not neces- 

35 sarily formed on the joined surface 19. Although not 
shown in the drawings, the same openings may be 
formed in the attaching member 16 or the enclosure 14 
so that the openings 24a, 24b can be connected with 
the atmosphere through the openings 30. Further, the 

40 openings 30 may be formed in both the enclosure 14 
and the attaching member 16. 

After the enclosure 14 and the guide member 15 
have been attached to the attaching member 16, it is 
screwed using bolts 31 to an opening of the container 1 

*s to which the level gauge is attached. 

Next, with reference to the same drawing, the liquid 
level detection principle effected by the level gauge 10 
will be explained as follows. 

As described above, microwaves are transmitted 

so through air, ceramics, synthetic resin and glass. How- 
ever, microwaves are absorbed by liquid. Accordingly, 
when the liquid level in the storage container 1 is lower 
than the guide member 15 (shown by character L1 ), mi- 
crowaves transmitted from the microwave transmitter 11 

55 are transmitted in the guide member 1 5 as indicated by 
character M and guided to the microwave receiver 12. 

When the liquid level rises and reaches a portion of 
the curved portion 15b of the guide member 15 (shown 
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by character L2), liquid gets into the curve portion 15b 
from the liquid introducing hole 23 and stays in the bot- 
tom of the curved portion 15b. However, even in this 
condition, a cavity portion exists inside the curved por- 
tion 15b. Accordingly, a portion of the microwave is ab- 
sorbed by the liquid staying in the curved portion 15b, 
however, the rest of the microwave is transmitted 
through this cavity portion and reaches the microwave 
receiver 12. 

However, when the liquid level further rises and the 
entire curved portion 15b of the guide member 15 is 
dipped in the liquid (shown by character L3), the liquid 
gets into the curved portion 1 5b from the liquid introduc- 
ing hole 23, so that the inside of the curved portion 15b 
is filled with the liquid and the transmission space of mi- 
crowaves is completely blocked. In this way, the micro- 
waves are intercepted, and it is impossible for the mi- 
crowaves to reach the microwave receiver 1 2. When the 
circuit is composed in such a manner that an interruption 
signal is outputted from the microwave receiver 12 at 
this time, it is possible to detect the liquid level. 

Since the liquid level is detected when the transmis- 
sion of microwaves is intercepted, a storage amount of 
liquid can be set at an arbitrary value by changing the 
length of the straight portion 1 5a ( 1 5c) of the guide mem- 
ber 15. On the other hand, in the case where the appa- 
ratus is attached onto the side wall of the container, of 
course, it is not necessary to change the length of the 
guide member 15. Fig. 2 is a view showing an example 
in which the structure of the liquid introducing portion of 
the guide member 15 is changed. As illustrated in the 
drawing, a top of the curved portion 15b may be com- 
posed of a conical reflecting member 32 having a liquid 
introducing hole 23. As shown by character M, after mi- 
crowaves have been sent out from the straight portion 
15a, they are reflected on the conical surface of the re- 
flecting member 32 and guided to the straight portion 
15c. 

Liquid gets into the cone from the liquid introducing 
hole 23 provided at the top of the reflecting member 32. 
When the liquid level reaches a position higher than the 
reflecting position R of the reflecting member 31 , the 
transmission of microwaves is intercepted. 

Due to the foregoing structure of the guide member 
1 5, as long as the reflection of microwaves is not affect- 
ed by the liquid introducing hole 23, the diameter of the 
liquid introducing hole 23 can be extended. (Theoreti- 
cally, the diameter of the liquid introducing hole 23 can 
be extended to a diameter of the cone at the reflecting 
position R where microwaves are reflected.) Therefore, 
this structure may be adapted to a highly viscous liquid. 

As long as the reflecting member 32 can guide the 
microwaves sent out from one straight portion 1 5a of the 
guide member 15 to the other straight portion 15c, a 
shape of the reflecting member 32 is not limited to a 
cone, but various shapes may be employed. For exam- 
ple, instead of the conical reflecting member, a V- 
shaped member may be connected with the ends of the 



straight portions 15a, 15c of the guide member 15. 

When plug members 33 made of a microwave 
transmitting substance are provided at the connecting 
portions between the straight portions 15a, 15c of the 
5 guide member 15 and the reflecting member 32 or at 
the connecting portions between the straight portions 
1 5a, 1 5c of the guide member 1 5 and the cu rved portion 
15b (shown in Fig. 1 ), liquid getting into the straight por- 
tions is stopped by the plug members 33, so that the 

10 pollution on the inner walls of the straight portions 1 5a, 
15c can be prevented, and the guide members are not 
stopped up even a highly viscous liquid is used. 

Further, the level gauge 1 0 may be attached not on- 
ly on the ceiling surface of the container 1 but also on 

1* the side of the container 1 . When the level gauge 10 is 
attached on the side of the container 1, the liquid level 
can be detected in the same manner. 

In the above level gauge various structures may be 
adopted. By way of example, a specific structure is 

20 shown in the following example useful in understanding 
the present invention. 

As shown in Fig. 3, the level meter 100 includes: an 
enclosure 1 14 accommodating a microwave transmitter 
111, microwave receivers 1 1 2a, 1 1 2b and various circuit 

2S components 113 (shown in Fig. 4); a transmitter side 
guide member 1 1 5 for guiding microwaves sent out from 
the microwave transmitter 111; and receiver side guide 
members 116a, 116b for guiding the microwaves trans- 
mitted through the transmitter side guide member 115 

30 to the microwave receivers 1 1 2a, 1 1 2b. 

The level gauge 100 is attached to the container 1 
through an attaching member 117 under the condition 
that the enclosure 114, transmitter side guide member 
1 1 5 and microwave receivers 1 1 2a, 1 1 2b are connected 

35 with the attaching member 1 1 7. 

Microwaves sent out from the microwave transmit- 
ter 1 1 1 are guided to the transmitter side guide member 
115 that is continuously provided onto the wave trans- 
mitting surface of the microwave transmitter 111 . 

40 The transmitter side guide member 115 is a hollow 
member made of corrosion resistant metal, and micro- 
waves are transmitted while they are reflected on the 
inner wall surface of the transmitter side guide member 
115. 

4 5 As illustrated in Fig. 4, the transmitter side guide 
member 115 includes: a microwave introducing portion 
118 connected with the microwave transmitting portion 
of the microwave transmitter 111; a first guide 115a 
branching off from the microwave introducing portion 

50 118; and a second guide 115b. 

Lengths of the protruding portions of the first and 
second guide members 115a, 115b onto the container 
1 side are determined in accordance with the height of 
the liquid level in the container 1 corresponding to the 

55 setting storage volume of liquid. Accordingly, as illustrat- 
ed in Fig. 4, the transmitter side guide member 11 5 in- 
cludes: a single microwave introducing portion 118; a 
first guide portion 1 15a having a short protruding length 
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(H1) corresponding to a large volume of stored liquid 
(high liquid level); and a second guide portion 11 5b hav- 
ing a long protruding length (H2) corresponding to a 
small volume of stored liquid (low liquid level). 

End portions on the protruding sides of the first and 
second guides 115a, 115b are open. The end portions 
are respectively provided with reflecting faces 119a, 
119b inclined by an inclination angle 45°. 

As illustrated in Fig. 4, the inside of the microwave 
introducing portion 118 is divided into two equal parts, 
the sections of which are semicircular, by a bulkhead 
1 2 1 which extends to a branch point 1 20 of the first guide 
1 1 5a and the second guide 1 1 5b. 

The transmitter side guide member 115 composed 
in the above manner is arranged in such a manner that 
an opening of the microwave introducing portion 118 is 
opposed to the wave transmitting portion of the micro- 
wave transmitter 111 through a seal member 122 made 
of a microwave transmitting substance. 

On the other hand, as illustrated in Fig. 5, the re- 
ceiver side guide members 116a, 116b are attached to 
the microwave receivers 112a, 112b in such a manner 
that the receiver side guide members 116a, 116b are 
opposed to the wave receiving portions of the micro- 
wave receivers 112a, 112b through seal members 122 
made of a microwave transmitting substance. 

The wave receiver side guide members 116a, 116b 
are composed of hollow straight pipes made of corro- 
sion-resistant metal. As illustrated in Fig. 5, the protrud- 
ing length of the receiver side guide member 116a on 
one side is the same as the protruding length (H1 ) of the 
first guide portion 115a composing the transmitter side 
guide member 1 1 5. The protruding length of the receiver 
side guide member 116b on the other side is the same 
as the protruding length (H2) of the second guide portion 
1 1 5b composing the transmitter side guide member 1 1 5. 

In the following explanations, the receiver side 
guide member 1 1 6a is referred to as a first receiver side 
guide member, and the receiver side guide member 
1 1 6b is referred to as a second receiver side guide mem- 
ber. 

End portions on the protruding sides of the receiver 
side guide members 116a, 116b are open. The end por- 
tions are respectively provided with reflecting faces 
123a, 123b inclined by an inclination angle 45°. 

The transmitter side guide member 1 1 5, the first re- 
ceiver side guide member 1 1 6a and the second receiver 
side guide member 116b are attached to the attaching 
member 1 1 7 in the following manner. The reflecting face 
1 1 9a of the first guide 11 5a of the transmitter side guide 
member 115 is opposed to the reflecting face 123a of 
the first receiver side guide member 116a, and the re- 
flecting face 1 1 9b of the second guide 1 1 5b of the trans- 
mitter side guide member 1 1 5 is opposed to the reflect- 
ing face 1 23b of the second receiver side guide member 
116b. 

Accordingly, as shown by character M, the micro- 
waves sent out from the microwave transmitter 11 1 are 



approximately equally divided by the bulkhead 121 of 
the transmitter side guide member 115 to the first guide 
115a side and the second guide 115b side. Then the 
microwaves are transmitted through the respective 
5 guides 1 1 5a, 1 1 5b, and reflected by the reflecting faces 
119a, 119b, so that the microwaves are guided outside. 
After that, the microwaves are reflected on the reflecting 
faces 123a, 123b, so that the microwaves are intro- 
duced into the first and second receiver side guide mem- 

10 bers 1 1 6a, 1 1 6b and then guided into the microwave re- 
ceivers 112a, 112b. 

In this connection, the smaller the branch angle a 
(shown in Fig. 4) between the first and second guides 
1 1 5a, 1 1 5b is, the more advantageously the microwaves 

15 M are distributed and transmitted. 

The level gauge 100 is composed as described 
above and attached to the container 1 through the at- 
taching member 117. 

Next, with reference to Fig. 6, the principle of de- 

20 tecting a liquid level by the level gauge 100 will be ex- 
plained below. 

When a liquid level in the container 1 is lower than 
both the reflecting face 119b of the first guide 115a of 
the transmitter side guide member 1 1 5 and the reflecting 

2S face 123b of the second receiver side guide member 
116 (shown by character L0), as shown by character M, 
the microwaves sent out from the microwave transmitter 
1 1 1 are guided to both the first receiver side guide mem- 
ber 116a and the second receiver side guide member 

30 116b, and further guided to the microwave receivers 
112a, 112b connected with the ends of the guide mem- 
bers 116a, 116b. 

However, when the liquid level rises to a level (char- 
acter L1 ) at which the reflecting face 1 1 9b of the second 

35 guide 115b of the transmitter side guide member 115 
and the reflecting face 1 23b of the second receiver side 
guide member 1 1 6b are entirely covered with the liquid, 
the microwaves introduced out from the reflecting face 
119b of the second guide 115b are intercepted by the 

40 liquid, so that the microwaves can not be transmitted to 
the reflecting face 123b of the second receiver side 
guide member 116b. Accordingly, it is impossible for the 
microwaves to reach the microwave receiver 112b. 
When the circuit is composed in such a manner that 

45 an interruption signal is outputted from the microwave 
receiver 11 2b at this time, it is possible to detect the first 
liquid level (L1). 

When the liquid level rises to a level (character L2) 
at which the reflecting face 11 9a of the first guide 115a 

so of the transmitter side guide member 115 and the re- 
flecting face 1 23a of the first receiver side guide member 
116a are entirely covered with the liquid, the micro- 
waves introduced out from the reflecting face 119a of 
the first guide 11 5a are intercepted by the liquid, so that 

55 the microwaves can not be transmitted to the reflecting 
face 123a of the first receiver side guide member 116a. 
Accordingly, it is impossible for the microwaves to reach 
the microwave receiver 112a. 
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When the circuit is composed in such a manner that 
an interruption signal is outputted from the microwave 
receiver 1 1 2a at this time, it is possible to detect the sec- 
ond liquid level (L2). 

When the liquid level is detected when the trans- 
mission of microwaves is intercepted as described 
above, when the protruding lengths (H1, H2) of the first 
and second guides 115a, 115b of the transmitter side 
guide member 1 1 5 are changed and also when the pro- 
truding lengths of the first and second receiver side 
guide members 116a, 116b are changed, it is possible 
to arbitrarily set the storage volume of liquid at two lev- 
els. 

The guide member of the level gauge 100 can be 
changed as shown in Figs. 7 and 8. When microwaves 
are normally transmitted in a hollow pipe, the optimum 
transmission diameter is in existence, which is the opti- 
mum inner diameter of the hollow pipe for transmitting 
microwaves. The optimum transmission diameter de- 
pends on the frequency of microwaves, for example, in 
the case of the microwaves of X-band, which is the most 
typical microwaves, the frequency is 10.525 GHz and 
the optimum transmission diameter is 1 9 to 27.6 mm. 

The longer the distance is from the wave transmit- 
ting portion of the microwave transmitter 111 , the more 
influence is exerted upon the transmission of micro- 
waves. In order to reduce the size of the entire level 
gauge 100 and the consumption of electric power, it is 
preferable that an area of the wave transmitting portion 
of the microwave transmitter 1 1 1 is as small as possible. 
Since the microwave introducing portion 118 of the 
transmitter side guide member 1 1 5 is composed of a sin- 
gle body, it is not preferable that the transmitter side 
guide member 1 1 5 is composed of the optimum trans- 
mission diameter over the entire length. 

From the above viewpoint, it is possible to transmit 
microwaves in a good condition when the transmitter 
side guide member 115 is composed in the following 
manner as shown in Fig. 7. The microwave introducing 
portion 118 has a small diameter corresponding to the 
area of the wave transmitting portion of the microwave 
transmitter 111. Diameters of the first and second guides 
115a, 115b, which branch from the microwave introduc- 
ing portion 118, are gradually increased as it comes to 
the end, that is, the first and second guides 115a, 115b 
are tapered, so that the transmission diameters are fi- 
nally increased. 

Ends of the first and second guides 115a, 115b are 
open, and the reflecting faces 1 1 9a, 1 1 9b are formed at 
both ends. 

On the other hand, as shown in Fig. 8, the protrud- 
ing lengths of the first and second receiver side guide 
members 116a, 11 6b correspond to the first and second 
guides 1 1 5a, 1 1 5b of the transmitter side guide member 
115. The first and second receiver side guide members 
116a, 116b are formed to be tapered so that the diam- 
eters of the protruding ends can be the optimum trans- 
mission diameters. Ends of the first and second receiver 



side guide members 116a, 116b are respectively open, 
and the reflecting faces 123a, 123b are formed at the 
ends. 

The transmitter side guide member 1 1 5, the first re- 
5 ceiver side guide member 1 1 6a and the second receiver 
side guide member 116b are attached to the attaching 
member 117 as shown in Fig. 3 in the following manner. 
The reflecting face 119a of the first guide 115a of the 
transmitter side guide member 115 is opposed to the 
10 reflecting face 1 23a of the first receiver side guide mem- 
ber 116a, and the reflecting face 119b of the second 
guide 1 15b of the transmitter side guide member 115 is 
opposed to the reflecting face 123b of the second re- 
ceiver side guide member 116b. 
1$ Detection of the liquid level is effected in accord- 
ance with the detection principle explained before with 
reference to Fig. 6. Since the diameters of the transmit- 
ter side guide member 115 and the first and second re- 
ceiver side guide members 116a, 116b are large in this 
20 case, areas of the openings including the reflecting fac- 
es of the end portions are increased. Due to the forego- 
ing, it is possible to avoid the stoppage of each guide 
member caused by the liquid to be detected. Therefore, 
the level gauge can be preferably used even in the case 
25 of a highly viscous liquid such as crude oil. 

In the above explanations, the example is shown, 
in which the transmitter side guide member 115 pro- 
trudes onto the container 1 side and branches to the first 
and second guides 115a, 115b, the protruding lengths 
30 of which are different from each other, so that two levels 
can be detected. However, as long as the microwaves 
can be transmitted, it is possible to compose the guide 
in such a manner that the transmitter side guide member 
115 is divided into much more branches, the protruding 
35 lengths of which are different from each other. In this 
case, a plurality of receiver side guide members are pro- 
vided in accordance with the transmitter side guide 
member 115. Due to the foregoing structure, it is possi- 
ble to detect much more liquid levels. 
40 in the following a preferred embodiment of the present 
invention is explained in detail. 

As shown in Fig. 9, the level meter 200 includes: an 
enclosure 21 3 accommodating a microwave transmitter 
210, microwave receiver 211 and various circuit compo- 
45 nents 21 2; a guide member 21 4 for guiding microwaves; 
and an attaching member 216 through which the enclo- 
sure 21 3 and the guide member 21 4 are connected and 
attached to a storage container 1 . 

The guide member 214 is provided so as to guide 
50 the microwaves sent out from the microwave transmitter 
210 to the microwave receiver 211 . The guide member 
214 includes: a transmitter side wave guide 218a con- 
nected with the microwave transmitter 210; a receiver 
side wave guide 21 8b connected with the microwave re- 
55 ceiver 21 1 ; and a guide body 21 9 composed of a solid 
dielectric body, wherein the transmitter side wave guide 
218a and the receiver side wave guide 218b are con- 
nected with each other by the guide body 219. 
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The wave guides 21 8a, 21 8b are hollow pipes made 
of corrosion resistant metal. The wave guides 218a, 
218b are respectively connected with the microwave 
transmitter 210 and the microwave receiver 211 through 
plug members 220 made of microwave transmitting ma- 
terial. 

It is preferable that the dielectric constant of mate- 
rial of the guide body 21 9 is low, because a range of the 
dielectric constant of the body capable of being detected 
is extended. Also, it is preferable that the chemical-re- 
sistant and thermal-resistant properties of the guide 
body 21 9 are high. The guide body 1 9 is formed in such 
a manner that the material of a low dielectric constant 
is curved to be a substantial U-shape. 

The guide member 214 is composed when both 
ends 21 9a of the guide body 21 9 are engaged and con- 
nected with the ends of the transmitter side wave guide 
218a and receiver side wave guide 218b. 

Accordingly, microwaves transmitted from the mi- 
crowave transmitter 210 advance as shown by charac- 
ter M in the drawing while they are reflected on the inner 
wall surface of the transmitter side wave guide 218a. 
Next, the microwaves are incident upon the guide body 
219 and pass through the U-shaped curved portion. 
Then the microwaves are transmitted through the re- 
ceiver side wave guide 21 8b and reach the wave receiv- 
ing portion of the microwave receiver 211. When both 
ends 21 9a of the guide body 21 9 are inclined downward 
in the drawing, the microwaves are not diffused when 
they are incident upon and emergent from the guide 
body 21 9, so that the attenuation of microwaves can be 
prevented. 

When through-holes 221 continuous to the inclined 
faces of both ends 219a of the guide body 219 are 
formed at the joint portions between the wave guides 
218a, 218b and the guide body 219, drops of water 
caused by dew condensation in the wave guides 218a, 
218b are discharged outside the guide member 214. 
Therefore, it is possible to prevent the drops of water 
from staying at the ends 21 9a of the guide body 21 9 and 
intercepting the transmission of microwaves. 

It is necessary that the diameter of the through-hole 
221 is not more than the leakage diameter of micro- 
waves. For example, in the case of commonly used mi- 
crowaves in the X-band, the leakage diameter of micro- 
waves is approximately 15 mm. Therefore, it is prefera- 
ble that the diameter is set to be smaller than that. In 
the case where the diameter of the through-hole 221 is 
required to be larger than the microwave leakage diam- 
eter, leakage of the microwaves can be prevented by 
substantially reducing the diameter of the through-hole 
221 when a frame 222 is attached to the circumference 
of the through-hole 221 . 

Next, referring to the drawing, the principle of level 
detection effected by the above level gauge 200 in the 
container 1 will be explained below. 

Level detection is effected by the level gauge 200 
of this embodiment according to the principle described 



below. In the case where microwaves are transmitted 
through a transmission medium composed of a dielec- 
tric body, an amount of microwave transmission (micro- 
wave intensity) is lowered when the microwaves come 

5 into contact with a substance, the dielectric constant of 
which is different. 

In the case where a level of the body to be detected 
stored in the container 1 is lower than the guide body 
21 9 (shown by character LO), microwaves sent out from 

10 the microwave transmitter 210 are guided to the micro- 
wave receiver 211 by the guide body 219, wherein an 
amount of transmission of microwaves is maintained 
constant. In this case, when the guide body 21 9 is com- 
posed of a low dielectric body, a range of the dielectric 

*5 constant of the liquid to be detected is extended. 

Consequently, the microwave receiver 211 contin- 
uously detects a predetermined intensity of micro- 
waves. 

However, when the liquid level rises and the guide 

20 body 21 9 comes into contact with the body to be detect- 
ed or alternatively a portion of the guide body 21 9 is em- 
bedded in the body to be detected (character L1 ), an 
.amount of transmission of microwaves transmitted in 
the guide body 219 is changed. 

2S in the case where the dielectric body composing the 
guide body 219 is surrounded by air, immediately after 
microwaves that have been transmitted through the 
transmitter side wave guide 218a have been incident 
upon the guide body 219, they are transmitted through 

30 the guide body 21 9 without being attenuated. However, 
when the microwaves reaches a portion surrounded by 
the body to be detected, the dielectric constant of which 
is higher than that of air, the microwaves are diffused 
onto the liquid side. Accordingly, an amount of transmis- 

35 sion of microwaves guided into the microwave receiver 
211 is reduced, so that a detection intensity of the mi- 
crowave receiver 211 is lowered. 

Consequently, it is possible to detect the liquid level 
by a detection circuit composed in such a manner that 

^0 a detection signal is outputted from the microwave re- 
ceiver 211 when a detection intensity of the microwave 
receiver 211 is changed. 

In this case, detection is effected by a difference of 
the dielectric constant between air and the body to be 

45 detected. Accordingly, the body to be detected is not lim- 
ited to liquid. Not only liquid but also granules can be 
detected. 

In this case, when material of a low dielectric con- 
stant is used as a dielectric body composing the guide 
so body 21 9, it is possible to extend a range of the body to 
be detected. 

When the lengths of the wave guides 21 8a, 21 8b of 
the guide member 214 are changed, it is possible to ar- 
bitrarily set a storage volume. 
55 In this connection, when the guide body 219 is com- 
posed of a dielectric rod, the diameter of which is con- 
stant, in the case where the dielectric constant of the 
body to be detected is close to that of air, an amount of 
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diffusion of microwaves is reduced when the guide body 
21 9 is surrounded by the body to be detected. In accord- 
ance with the reduction of the amount of diffusion of mi- 
crowaves, an amount of change in the receiving inten- 
sity of the microwave receiver 211 is also reduced, and 
the detection accuracy is lowered. 

Generally, in the case where microwaves are trans- 
mitted in a dielectric body, an amount of attenuation of 
microwaves is increased when a sectional area of the 
dielectric body is small. In view of the above circum- 
stances, the guide body 219 is composed as shown in 
Fig. 10 in the present invention. That is, the U-shaped 
curved portion of the guide body 223 is composed in the 
following manner. The diameter of the U-shaped curved 
portion of the guide body 223 with which the wave 
guides 218a, 218b are connected is made to be a large 
diameter (D1 ), and the diameter of the center of the U- 
shaped curved portion is made to be a minimum diam- 
eter (D2), wherein the diameter of the U-shaped curved 
portion is gradually reduced. 

Due to the foregoing structure, a certain amount of 
microwaves are attenuated in the U-shaped curved por- 
tion of the guide body 223, and even in a condition in 
which the guide body 223 is surrounded by a substance 
of a low dielectric constant so that a minute amount of 
microwaves are diffused, a change in the microwave re- 
ceiving intensity of the microwave receiver is increased, 
and even the low dielectric constant substance can be 
positively detected. 

The same effect as that of the guide body 21 9, the 
diameter of which is gradually reduced as described 
above, can be provided by the guide body 224 shown 
in Fig. 1 1 which has a curved portion of an acute angle. 
In this case, microwaves leak from an acute angle por- 
tion 225 of the guide body 224 to the body to be detect- 
ed. 

In this connection, the guide body 224 may be com- 
posed in such a manner that the diameter is gradually 
reduced toward the acute angle portion 225. 

Further, the structure of the guide member 214 may 
be changed as shown in Fig. 12. As illustrated in the 
drawing, the guide member 230 includes: a transmitter 
side guide portion 233, a reflecting member 232 com- 
posed of a dielectric substance is provided at the lower 
end portion of a transmitter side wave guide 231a and 
a receiver side guide portion 235, the opening 234 of 
which is provided at the lower end portion of the receiver 
side wave guide 231b. 

The reflecting member 232 is attached at a position 
immediately below the lower end opening of the trans- 
mitter side wave guide 231a, wherein the reflecting 
member 232 forms an angle 45° with respect to the ad- 
vance axis M of microwaves. 

The opening 234 is formed from a lower extending 
portion 236 which is curved and extended from a lower 
end of the receiver side wave guide 231b toward the 
reflecting member 232. 

The reflecting member 232 and the opening 234 are 



opposed to each other at a predetermined interval. 

As shown by character M in the drawing, micro- 
waves sent out from the microwave transmitter not 
shown in the drawing are guided out from a lower end 

5 of the transmitter side wave guide 231a. Then the mi- 
crowaves are reflected on the reflecting member 232 ar- 
ranged at a lower position of the transmitter side wave 
guide 231a and guided into the opening 234 of the re- 
ceiver side wave guide 231 b. After that, the microwaves 

io are guided to the microwave receiver not shown in the 
drawing. 

The storage level of the body to be detected in the 
container is detected when the reflecting member 232 
of the guide member 230 and the opening 234 are sur- 
fs rounded by the body to be detected. 

When the dielectric constant of the body to be de- 
tected is approximate to that of the dielectric body com- 
posing the reflecting member 232, a region including the 
reflecting member 232 is put in a condition in which the 
20 dielectric constant is substantially uniform. For this rea- 
son, the reflecting member 232 loses a reflecting func- 
tion with respect to the microwaves. Due to the forego- 
ing, the microwaves are not reflected on the reflecting 
member 232, and most microwaves are transmitted 
2S through the reflecting member 232 and advance straight 
downward in the drawing. 

As a result, no microwaves are guided to the open- 
ing 234, so that the microwave receiving intensity de- 
creases sharply in the microwave receiver. By this 
30 change in the receiving intensity, the storage level of the 
body to be detected in the container can be detected. 

On the other hand, in the case where the dielectric 
constant of the body to be detected is higher than that 
of the dielectric body composing the reflecting member 
35 232, the transmission of microwaves to the opening 234 
is intercepted by the body to be detected. Therefore, the 
receiving intensity of microwaves in the microwave re- 
ceiver decreases sharply. Accordingly, the storage level 
in the container can be detected by this change in the 
40 receiving intensity. 

In the above arrangement of the guide member 230, 
after microwaves have been transmitted through the re- 
flecting member 232, a portion of the microwaves, which 
have reflected on a bottom or wall of the storage con- 
45 tainer, enter into the opening 234 and generate noise in 
some cases. In order to prevent the influence of noise, 
a shielding member 237, for example, made of metal 
through which microwaves are not transmitted may be 
arranged under the lower extending portion 236 of the 
so receiver side wave guide 231 b. By this shielding mem- 
ber 237, the reflected microwaves are intercepted. 

Further, it is possible to change the structure of the 
guide member 214 as shown in Fig. 1 3. As shown in the 
drawing, the guide member 240 includes a substantially 
55 U-shaped wave guide 241 connecting the microwave 
transmitter not shown in the drawing with the microwave 
receiver. 

In this case, the curved portion is composed in the 
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following manner. The diameter (D3) of the wave guide 
241 is the same as the diameter of a large diameter por- 
tion of the curved portion, and the center of the curved 
portion is formed to be a small diameter portion (D4), 
wherein the diameter is gradually reduced. In this case, 
in the curved portion, there are provided a plurality of 
through-holes 242 for introducing the body to be detect- 
ed into the wave guide 241 and discharging it from the 
wave guide 241. 

When microwaves are normally transmitted in a 
wave guide, a diameter of the wave guide in which mi- 
crowaves are capable of being transmitted is in exist- 
ence corresponding to the frequency of microwaves. 
The diameter of the wave guide in which microwaves 
are capable of being transmitted changes in accordance 
with the dielectric constant of an object filled in the wave 
guide. Specifically, the following equation is satisfied. 

d = 175.70/f(e) 1/2 



and it is possible to reduce the areas of the transmitting 
and receiving sections. Furthermore, safety of the level 
gauge of the present invention is high and maintenance 
is easily effected, and the working efficiency is high. 

5 

Claims 

1. A level gauge comprising: 

10 

a microwave transmitter (210); 

a microwave receiver (211); 

15 a storage container (1 ) for storing a body to be 

detected; 

a guide member (214) for introducing micro- 
waves sent out from the microwave transmitter 
20 (210) to the microwave receiver (21 1 ); and 



the level gauge being attached to the storage 
container, the guide member (214) protruding 
into the container, and the guide member being 

2S composed of a guide body (21 9,223,224) made 

of dielectric material which connects a transmit- 
ter side wave guide (218a) connected with the 
microwave receiver (210), with a receiver side 
wave guide (218b) connected with the micro- 

30 wave receiver (211). 

2. The level gauge according to claim 1, wherein a 
sectional area of a portion of the guide body (223) 
is smaller than that of another portion. 

35 

3. The level gauge according to claim 1, wherein the 
guide body (224) comprises an acute angle curved 
portion (225). 

40 4. The level gauge according to one of claims 1 to 3, 
wherein both end portions of the guide body 
(219,223,224) are inclined downward, and a 
through-hole (221 ) having a frame (222) continuous 
to the end of the guide body is formed in both of the 

45 transmitter side wave guide (218a) and the receiver 
side wave guide (218b). 



where the wave guide diameter is d (mm), the dielectric 
constant of the object filled in the wave guide is e, and 
the frequency of microwaves is f (GHz). 

That is, when the frequency f of microwaves is con- 
stant, the higher the dielectric constant e of asubstance, 
the smaller the diameter of a wave guide in which mi- 
crowaves are capable of being transmitted. 

Consequently, when the diameter of the small di- 
ameter portion (D4) of the curved potion of the wave 
guide 241 composing the guide member 240 is made to 
be smaller than the diameter in which microwaves are 
capable of being transmitted in air, in the case where a 
substance of which the dielectric constant is higher than 
that of air gets into the wave guide 241 through the 
through-holes 242 so that the wave guide is filled with 
the substance, it becomes possible for the microwaves 
to be transmitted through the wave guide, and the mi- 
crowaves are received by the microwave receiver not 
shown in the drawing. Accordingly, the storage level is 
detected by the reception of microwaves effected by the 
microwave receiver 

Commonly, the dielectric constant of the body to be 
detected is higher than that of air. Therefore, it is possi- 
ble to detect a storage level of a substance in a wider 
range. Especially, it is possible to detect a storage level 
of a dielectric body of which the dielectric constant is 
low, wherein the detection used to be difficult according 
to the prior art. It is possible to select a substance ca- 
pable of being detected according to the setting value 
of the pipe diameter in which microwaves are capable 
of being transmitted. 

As described above, the level gauge of the present 
invention is capable of positively, accurately detecting a 
storage level of the body to be detected, irrespective of 
the dielectric constant of the body to be detected, even 
when the object to be detected is granules. Further, it is 
not necessary to provide a transmitter of high output, 



5. The level gauge according to one of claims 1 to 4, 
wherein the dielectric body composing the guide 
so (21 9,223,224) is a low dielectric body. 
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FIG. 6 
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